Abstract. This paper investigates the H∞ filter design problem for a class of T-S fuzzy systems based on Hamiltonian model. First, a new method is proposed to change general nonlinear systems to Hamiltonian systems, which are easier to deal with. Then, by using the structural characteristics of Hamiltonian systems, the Lyapunov-Krasovskii functions are found and the H∞ filter can be designed. The unknown parameters of the filter are obtained by solving a special kind of inequalities. Finally, the simulation of an illustrative example shows that the proposed method is effective.
Introduction
More and more people have investigated the design of the filter in nonlinear systems which are based on the T-S fuzzy model [1, 2] . However, when the nonlinearity is very strong, we need to approximate a nonlinear system with many different linear systems. Therefore, some people consider to use the nonlinear consequences to describe a nonlinear system [3] , which extends the earlier T-S fuzzy control theory, and is also the source of this paper.
The Hamiltonian system has been widely investigated in recent years for its advantages in physical background and structure [4] [5] [6] . [7] researched the finite time stability and port control of Hamiltonian system. [8] study the stabilization and its H∞ control for the Hamiltonian system with the actuator saturation. [9] studied the design of the H∞ filter for a class of nonlinear time delay Hamiltonian system. These results can be widely used in practical control and filtering systems.
Based on the above research background, we study the design of the H∞ filter for a class of nonlinear systems which based on the Hamiltonian model and T-S fuzzy control.
Problem Formulation
Consider the following T-S fuzzy control system, in which the ith rule is described by Hamiltonian model as: if 1 
where ( ), ( 
The overall model of the T-S fuzzy filter system can be described as:
We design a T-S fuzzy filter which is described as
x t is the state of the filter, ( ) y t is the input, ˆ( ) z t is the output which is the estimated signal
L x are filter matrices with appropriate dimensions to be designed.
Combining (4) and (5), the augment system can be described as:
X t x t x t H X H x H x z t z t z t
is the estimation error, and
  , the objective of the paper is to develop a filter of form (5) such that the system (6) is asymptotically stable with ( ) 0 w t  , and under the zero initial condition and for any nonzero
Stability Analysis
With ( ) 0 u t  and ( ) 0 w t  , system (2) can be rewritten as
First, considering the system with common Lyapunov function, we could get the following result. Theorem 1. If all the subsystems of the system (8) 
where ( ) k is the sth subsystem in the kth subset, p is the number of all the subsets, k n is the number of subsystems in the kth subset, system (8) is globally asymptotically stable. Proof: Similar as theorem 2, omitted.
Design of the Fuzzy H∞ Filter
First, we give the H  performance in the system (6). When ( ) 0 w t  , the asymptotically stable result of the system (6) is the same as the theorem 2, that is, if and only if 0 : ( ) ( ) 0, , 1, 2, ..., , (6) is global asymptotically stable.
Then we consider the H  performance of the system (6) with the zero initial condition. Use the same Lyapunov function, (6) is equal to
Same in theorem 2, it is easy to obtain that : L gain of (7) is less than  . Further more, if the parameters of the filter meet that
(17) then, we only need to meet the conditions (14) and (16) to obtain the filter. Proof: Consider (6) and (13), we have
So if (14)-(16) meet, we can get that theorem 5 meet. According to theorem 5, there exist an H  filter in form (5) which make the system (6) global asymptotically stable when ( ) 0 w t  , meantime, the 2 L gain in (7) is less than  . On the other hand, we can obtain (15)  (14) from (16), then we only need to meet the conditions (14) and (16). The theorem is proved.
Illustrative Example
Consider the following T-S fuzzy system: when 1 ( ) 
Conclusion
We have investigated the design of the H  filter for a class of nonlinear systems which based on the Hamiltonian model and T-S fuzzy control. With the characteristics of the Hamiltonian systems, a new method is proposed to contract the fuzzy Hamiltonian consequents. The designed filter satisfied the H  performance index, and the parameters can be obtained by solving a set of inequalities. The simulation example show the effectiveness of this method.
